Carcinoid tumors are neuroendocrine tumors that usually occur in the digestive tract and lung. They are rarely found in the head and neck, especially in the sinonasal area. This article describes a typical carcinoid tumor involving the sphenoid sinus, cavernous sinus, sphenoid bone, clivus, and occipital condyle, which was treated successfully by endoscopic transseptal transsphenoidal surgery and intensity-modulated radiation therapy.
Introduction
Carcinoid tumors are rare and indolent neuroendocrine tumors (NETs). The majority occur in the gastrointestinal tract (54.4%), followed in order of decreasing frequency, by the lung and bronchi (30.1%), pancreas (2.3%), ovary (1.2%), biliary tract (1.1%), and head and neck (0.4%) (1) . NETs are found very rarely in the nasal cavity and the paranasal sinuses, accounting for approximately 5% of sinonasal malignancies (2) . However, there have been few reports of carcinoid tumors arising in the nasal cavity and paranasal sinuses, and no previous reports of aggressive typical carcinoid tumors originating in the sphenoid sinus. This case report describes a rare clinical presentation of typical carcinoid tumor involving the sphenoid sinus, cavernous sinus, sphenoid bone, clivus, and occipital condyle, which was treated successfully by endoscopic transseptal transsphenoidal surgery and intensitymodulated radiation therapy (IMRT).
Case Presentation
A 53-year-old woman was referred to our clinic with an incidentally found posterior nasal cavity mass lesion. She had experienced progressive bilateral nasal obstruction for 6 months. She had no relevant medical history and no other symptoms. Endoscopic examination showed a huge polypoid mass in the posterior nasal cavity between the right middle turbinate and nasal septum ( Figure 1A ). Paranasal sinus computed tomography (CT) demonstrated a solid mass in both sphenoid sinuses with osteolytic lesion in both sides of the body, greater wing, left pterygoid plate of sphenoid bone, clivus, and left occipital condyle ( Figure 1B and C). On magnetic resonance (MR) imaging, a solid mass involving the left cavernous sinus with encasement of the intracavernous carotid artery had low signal intensity on T1-weighted images (T1WIs), heterogenous high signal intensity on T2WIs, and strong enhancement on gadolinium-T1WIs ( Figure 1D-F) . We performed transseptal endoscopic removal under general anesthesia. Initially, conventional septoplasty was performed with hemitransfixion incision on the concave side. We partially removed the vomer and perpendicular plate of ethmoid to improve surgical visibility and accessibility to the sphenoid sinus. Both sphenoid ostia were opened and connected to each other. A mass lesion found in the sphenoid sinus was fragile and bled easily. Frozen biopsy suggested that this tumor was possibly a well-differentiated NET. The tumors were partially removed and histopathological examination revealed uniform cells with hyperchromatic nuclei. Mitotic figures were very rare, and no necrosis was identified. On immunohistochemical staining, the lesion was positive for synaptophysin, pancytokeratin, and CD56.
These findings were consistent with a typical carcinoid tumor ( Figure 2 ). Positron emission tomography-CT per- Figure 1 . Preoperative endoscopic and radiological findings. Nasal endoscopy (A) showed a huge polypoid mass between the right middle turbinate (MT) and nasal septum (S). Axial (B) and coronal (C) images of computed tomography shows a solid mass in both sphenoid sinuses with osteolytic lesions on both sides of the body, greater wing, and left pterygoid plate of sphenoid bone, clivus, and left occipital condyle. The mass involving the left cavernous sinus with encasement of the intracavernous carotid artery showed low signal intensity on T1 axial (D), strong enhancement on post-contrast T1 axial (E), and heterogeneous high signal intensity on T2 coronal (F) magnetic resonance images.
formed 2 months postoperatively showed no primary recurrence or any other metastasis. The patient received IMRT at a dose of 50 Gy in 25 fractions over 6 weeks to eradicate any residual tumor. Recovery was uneventful and the patient's symptoms have disappeared. Endoscopic examination and MR imaging performed 2 years after radiotherapy demonstrated no aggravation of the preexisting tumor (Figure 3 ).
Discussion
Carcinoid tumors occur most commonly in the colon, rectum, and cecum, and are derived from the enterochromaffin cells of gastrointestinal and bronchopulmonary systems (3). Carcinoid tumors rarely develop in the head and neck, especially in the sinonasal area, as primary tumors. Furthermore, typical carcinoid tumors arising in the sphenoid sinus are extremely rare, and the present case is unique in that it presented as an aggressive typical carcinoid tumor involving the right nasal cavity, sphenoid bone, clivus, and occipital condyle.
The clinical features of this tumor were nonspecific and similar to those of other sinonasal tumors. Common presentations include epistaxis, nasal obstruction, exophthalmos, nasal pain, and headache (4). Although a typical carcinoid tumor is usually non-functional, it may cause the carcinoid syndrome (4). Flushing, diarrhea, and cardiac involvement are typical symptoms of the classic carcinoid triad (5). However, carcinoid syndrome occurs only in about 10% of patients with carcinoid tumors (5) . In this case, the patient did not have any other symptoms of carcinoid syndrome.
Diagnosis is based on the characteristics of the carcinoid tumor on histopathological and immunohistochemical analyses for chromogranin A, synaptophysin, neuron specific enolase, CD56, and cytokeratins (4). Typical carcinoid tumors are well-differentiated lesions and are distinguished from moderately differentiated atypical carcinoid tumors by the absence of mitoses, pleomorphism, and necrosis (6) . Typical carcinoids are less aggressive and are managed differently, making an accurate diagnosis is 2
Iran J Radiol. 2019; 16(2):e83637. critical. An optimal treatment method for typical carcinoid tumors of the paranasal sinuses has not been established because these lesions are very rare. Treatment is based on the location of the primary tumor and guided by whether metastasis has occurred. Although complete surgical resection has been the most successful treatment, radiotherapy and chemotherapy should be performed as postoperative adjuvant therapy when complete resection is difficult and surgery is ineffective (2) . In the present case, total surgical resection of the typical carcinoid tumor of the sphenoid sinus was difficult because the tumor had invaded the sphenoid bone, clivus, and cavernous sinus. However, this tumor was a well-differentiated and low grade malignancy without involvement of neck nodes and distant sites, which was successfully treated by endoscopic transseptal transsphenoidal surgery and IMRT.
Although aggressive and destructive behavior of a typIran J Radiol. 2019; 16(2):e83637. ical carcinoid tumor is very rare, it is important to consider this disease entity in the differential diagnosis of sinonasal tumor. When it appears impossible to completely resect a locally aggressive typical carcinoid tumor in the sphenoid sinus, radiotherapy could be considered as postoperative adjuvant therapy.
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